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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce the error of the total 
resistance value of 

polycrystalline silicon resistors composed of 
polycrystalline silicon films and 

diffusion resistors composed of diffusion layers connected 
in series resulting 

from the error of the forming accuracy of the resistors by 
forming the 

diffusion resistors by introducing an impurity into a 
substrate by using the 

polycrystalline silicon resistors formed on an insulating 
film as a mask. 

SOLUTION: Diffusion resistors 41a are formed by 
implanting impurity ions 

into a substrate by using polycrystalline silicon resistors 
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31a as a mask. 

When the widths Wl of the resistors 31a become wider than a 
desired value, the 

widths W2 of the diffusion resistors 41a formed by using 
the resistors 31a as a 

mask become narrower unless the absolute forming area of 
the resistor elements 

41a and 31a changes. Even when the widths Wl become 
narrower than the desired 

value and a error occurs in the forming accuracy of the 
resistors 31a and 41a, 

the sum of the widths Wl and W2 always become constant. 
Consequently, even 

when the cross-sectional areas of the resistors 31a 
decrease or increase due to 

the forming error, the cross-sectional areas of the 
resistors 41a which are 

used in paired states with the resistors 31a increase or 
decrease . Therefore, 

the total resistance value of the resistors 31a and 41a 
connected in series 

offsets the forming error and approaches a desired value. 
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JP 09-097876 A 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which has the 
resistance element used for a semiconductor device and its manufacture approach, 
especially a semiconductor integrated circuit, and its manufacture approach. 
[0002] 

[Description of the Prior Art] There are polycrystalline silicon resistance which 
introduced and formed the impurity in the polycrystalline silicon formed by 
predetermined width of face on the insulator layer of a semi-conductor substrate as a 
resistance element used in a semiconductor integrated circuit, a diffused resistor which 
introduced and formed the impurity by predetermined width of face in the semi- 
conductor substrate. Control of the resistance of these resistance elements is performed 
by adjusting the concentration of the impurity introduced into each, or adjusting die 
length, width of face, etc. 

[0003] Next, the formation approach of the resistance element of these former is 
explained briefly. Drawing 3 is a sectional view explaining the manufacture approach of 
polycrystalline silicon resistance. As first shown in drawing 3 (a), the silicon semi- 
conductor substrate 1 1 1 is prepared. Next, on this substrate 1 1 1 front face, an oxide film 
1 12 is formed with the oxidizing [ thermally ] method, a CVD method, etc. This oxide 
film 1 12 is the same as that of the gate oxide formed in case other semiconductor devices 
on a substrate, for example, a transistor etc., are manufactured. 
[0004] Then, as shown in drawing 3 (b), polycrystalline silicon 121 is formed with a 
CVD method etc. on oxide-film 1 12 front face. Next, the positive type photoresist 122 is 
formed on this polycrystalline silicon 121, and only the part which leaves polycrystalline 
silicon 121 exposes a resist 122 using the mask 123 for exposure which intercepts 
exposure light. 

[0005] Then, as shown in drawing 3 (c), the exposed resist 122 is developed, and after 
forming the resist mask which is not illustrated, the polycrystalline silicon resistance 131 
of a predetermined pattern is formed on an oxide film 1 12 by etching polycrystalline 
silicon 121 by the RIE method etc. using this resist mask, and removing a resist mask. 
Then, although illustration is not carried out, after forming an interlayer insulation film 
on a substrate 1 1 1, a contact hole is formed in this interlayer insulation film, and the edge 
of the polycrystalline silicon resistance 131 is wired with the electric conduction film. 
Drawing 4 is a sectional view explaining the manufacture approach of a diffused resistor. 
[0006] As first shown in drawing 4 (a), the silicon semi-conductor substrate 21 1 of N 
type is prepared. An epitaxial layer and an embedding layer are sufficient as this substrate 
211. Next, a nitride 212 is formed on the substrate 21 1 of the field which forms a diffused 
resistor. Next, by heat-treating, substrates 211 other than the field in which the nitride 
212 was formed oxidize, and the oxide film 213 for isolation is formed. Next, a nitride 
212 is removed. This approach is a general approach currently called the LOCOS 
method. In addition, in addition to this as the formation approach of this oxide film for 
isolation, there is the approach of embedding an oxide film in a substrate 21 1 etc. 



[0007] Then, as shown in drawing 4 (b), the P type impurity of an opposite conductivity 
type is carried out for the insulator layer 213 for isolation ion-implantation 221 in a 
substrate 211 from a substrate 211 top as a mask of an ion implantation. This ion 
implantation 221 may be performed to the ion implantation etc. and coincidence for 
formation of the impurity range at the time of manufacturing other semiconductor devices 
on a substrate, for example, a transistor etc. 

[0008] Then, as shown in drawing 4 (c), by heat-treating, the impurity by which the ion 
implantation was carried out to the substrate 21 1 is spread, and the diffused resistor 23 1 
of an opposite conductivity type is formed with a substrate. Next, although illustration is 
not carried out, after forming an interlay er insulation film on a substrate 21 1, a contact 
hole is formed in this interlayer insulation film, and the edge of a diffused resistor 13 1 is 
wired with the electric conduction film. 

[0009] According to the manufacture approach explained above, there is a trouble as 
shown below. In the production process of polycrystalline silicon resistance, an error 
arises to the width of face of a resist mask according to the error of process tolerance, 
such as exposure precision and development precision, in the formation process of a 
resist mask. If patterning of polycrystalline silicon is performed by using as a mask the 
resist mask which has this error, an error will arise, the width of face, i.e., the cross 
section, of the polycrystalline silicon resistance [ itself ] formed, and an error will arise in 
the resistance of polycrystalline silicon resistance as a result. 

[0010] Moreover, also in the formation process of a diffused resistor, an error arises to 
the width of face between the oxide films for isolation, i.e., the width of face of the 
formation field of a diffused resistor, in the formation process of the oxide film for 
isolation according to the error of the process tolerance of the nitride used as an oxidation 
mask. Moreover, since the oxide film for isolation is used as a mask of an ion 
implantation, when it is difficult to control the thickness of the oxide film for isolation by 
generating of this B AZU peak etc. correctly, an error arises in the amount of impurities 
introduced into a substrate. Therefore, an error arises, the width of face, i.e., the cross 
section, of the diffused resistor itself, and an error arises in the resistance of a diffused 
resistor as a result. 

[001 1] When an error arises in the resistance of a resistance element, the problem that a 
desired operating characteristic is not acquired or malfunction arises in the integrated 
circuit which uses the resistance element as an element etc. may be produced. Moreover, 
although the isolation oxide film used as a mask of an ion implantation is needed in 
forming a diffused resistor, the field for forming this oxide film for isolation and the 
routing counter for forming the oxide film for isolation increase. 
[0012] Although there is a method of making the width of face of a resistance element 
increase, and reducing the effect of the error of process tolerance in order to control the 
error of the resistance by the error of the cross direction of these resistance elements, in 
order to acquire fixed resistance, it is necessary to increase the cross-sectional area of a 
resistance element, and, according to this approach, increase of a chip area and the rise of 
cost will be caused. 
[0013] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the manufacture 
approach of the conventional polycrystalline silicon resistance or a diffused resistor, 
according to the error of the process tolerance, an error arises to the width of face of these 



resistance elements, i.e., the cross section, and the trouble that an error arises is mainly in 
the resistance of the formed resistance element. For this reason, the cross-sectional area 
of a resistance element is made to increase, and although there is a method of reducing 
the effect of the error of process tolerance, there is a trouble of as a result causing 
increase of a chip area and the rise of cost. 
[0014] 

[Means for Solving the Problem] This invention offers the semiconductor device 
manufactured by this manufacture approach while offering the manufacture approach of a 
semiconductor device as shown below in order to solve the above-mentioned trouble. 
Namely, the semi-conductor substrate of the first conductivity type which has the second 
field for a start [ adjoining ], The first insulator layer formed on the semi-conductor 
substrate of said first field at least, The first resistance film formed on said first insulator 
layer, and the first diffusion layer of the second conductivity type formed in the semi- 
conductor substrate of said second field, The semiconductor device characterized by 
providing the resistance element which has a means to connect electrically said first 
resistance film and the ends of said first diffusion layer, and makes an input/output 
terminal the other end of said first resistance film and the other end of said first diffusion 
layer is offered. Moreover, the process which forms an insulator layer as the manufacture 
approach on the first field front face of the first conductivity-type semi-conductor 
substrate, The process which forms the resistance film on said insulator layer front face, 
and the process which introduces the second conductivity-type impurity and forms a 
diffusion layer by using said resistance film as a mask in the semi-conductor substrate in 
the second field of said semi-conductor substrate, The manufacture approach of the 
semiconductor device characterized by having the process which connects electrically the 
end of said resistance film and the end of said diffusion layer is offered. 
[0015] 

[Embodiment of the Invention] The manufacture approach of the example of this 
invention is explained hereafter, referring to a sectional view and a perspective view. As 
first shown in drawing 1 (a), the P type silicon substrate 1 1 in which the field 12 was 
formed N well is prepared. Next, on this substrate 1 1 front face, the oxide film 13 of 
about 100-lOOOnm of thickness is formed with the oxidizing [ thermally ] method, a 
CVD method, etc. In addition, this oxide film 13 is easy to be the same as that of the gate 
oxide formed in case other semiconductor devices on a substrate 1 1, for example, a 
transistor etc., are manufactured. 

[0016] Then, as shown in drawing 1 (b), it is 100-500nm of thickness by a CVD method 
etc. on oxide-film 13 front face. The polycrystalline silicon 21 of extent is formed. Next, 
the positive type photoresist 22 is formed on polycrystalline silicon 21, and only the part 
which leaves polycrystalline silicon 21 exposes a resist 22 using the mask 23 for 
exposure which intercepts exposure light. As for the width efface of the resist 22 
exposed here, it is desirable to suppose that it is comparable as the width of face of the 
part which leaves polycrystalline silicon 21. Moreover, when forming two or more 
polycrystalline silicon resistance, it is desirable to form these in parallel. 
[0017] Then, as shown in drawing 1 (c), the exposed resist 22 is developed, and after 
forming the resist mask which is not illustrated, two or more polycrystalline silicon 
resistance 3 1 which has predetermined width of face is formed on an oxide film 13 by 
etching polycrystalline silicon 21 by the RDE method etc. using this resist mask, and 



removing a resist mask. The width of face of this polycrystalline silicon resistance 3 1 is 
4-50 micrometers. Extent and its die length are 10-5000 micrometers. It considers as 
extent. 

[0018] Then, as shown in drawing 1 (d), the ion implantation of the impurity of an 
opposite conductivity type, for example, the B, is carried out to a substrate 1 1 in a 
substrate 1 1 by using polycrystalline silicon resistance 31 as a mask by acceleration 
energy 5 -lOOkeV, and dose lE13-5E15atoms and cm-3. Under the present 
circumstances, an ion implantation is performed also during the polycrystalline silicon 
resistance 3 1 . 

[0019] Then, as shown in drawing 1 (e), a diffused resistor 41 is formed in the field of the 
substrate 1 1 with which the polycrystalline silicon resistance 3 1 is not formed on the 
front face by heat-treating. Of the above process, the polycrystalline silicon resistance 3 1 
is formed on a substrate 1 1, and a diffused resistor 41 is formed in a substrate 11. 
[0020] Then, although illustration is not carried out, after forming an interlayer insulation 
film on a substrate 1 1, a contact hole is formed in this interlayer insulation film or 
interlayer insulation film, and oxide film 13, and the end of the polycrystalline silicon 
resistance 31 and the end of the diffused resistor 41 under an adjoining field are wired 
with the electric conduction film. 

[0021] Then, it is explained using the plan of drawing 2 that the manufacture approach of 
this invention and the effectiveness of a semiconductor device manufactured by that 
cause are about the connection method of the formed polycrystalline silicon resistance 
and a diffused resistor. In addition, in drawing 2 , the same sign is attached about the 
same structure as drawing 1 . 

[0022] The polycrystalline silicon resistance 3 1 and the diffused resistor 41 formed in the 
bottom of the field which adjoins this polycrystalline silicon resistance 3 1 are used for the 
resistance element of this invention as a pair. That is, a terminal 5 1 is formed in the end 
of polycrystalline silicon resistance 3 la, the other end of this polycrystalline silicon 
resistance 31a and the end of diffused-resistor 41a are electrically connected with a 
terminal 52, and a terminal 53 is formed in the other end of this diffused-resistor 41a. 
Therefore, as a resistance element, it connects with a serial and polycrystalline silicon 
resistance 31a and diffused-resistor 41a are used. The resistance of the resistance element 
formed by [, such as connecting a terminal 53 and a terminal 54 and using further, what, 
further in addition to this, connected to the serial polycrystalline silicon resistance 31b 
which adjoins these resistance, and diffused-resistor 41b with the terminal 55, ] 
connecting adjoining polycrystalline silicon resistance and an adjoining diffused resistor 
to a serial can be chosen as arbitration in the phase of a design. In addition, these 
terminals 52-55 form a contact hole in an interlayer insulation film, and form it by 
embedding the electric conduction film at this contact hole. 

[0023] About the resistance element connected as mentioned above, it has effectiveness 
as taken below. According to the conventional manufacture approach, there was a trouble 
that an error mainly arose to the width of face of a resistance element, i.e., the cross 
section, and an error arose in resistance according to the error of process tolerance. This 
mainly originates in the exposure precision and development precision of a photoresist. 
The error of the resistance of the resistance element produced according to the error of 
the process tolerance which originates in these in this invention can be reduced. 
[0024] In drawing 2 , width of face of the longitudinal direction in drawing of 



polycrystalline silicon resistance 3 la is set to Wl , and width of face of the drawing 
longitudinal direction of diffused-resistor 41a is set to W2. When forming polycrystalline 
silicon resistance and the error of width of face arises on a resist mask, the error turns into 
an error of the width of face of polycrystalline silicon resistance. That is, an error may 
produce the width of face Wl of polycrystalline silicon resistance to the value designed 
as it is as becoming narrow **** [ and ]. [ becoming large ] On the other hand, a diffused 
resistor 41 is formed considering the polycrystalline silicon resistance 3 1 as a mask of an 
ion implantation. Therefore, when the error has arisen to the width of face Wl of 
polycrystalline silicon resistance, naturally an error arises also to the width of face W2 of 
a diffused resistor. 

[0025] However, when the width of face Wl of the polycrystalline silicon film becomes 
larger than a desired value, the width of face W2 of the diffused resistor formed 
considering this as a mask becomes narrow unless an absolute area in which these 
resistance elements are formed changes. Moreover, the width of face W2 of the diffused 
resistor formed this and reversely considering this as a mask when the width of face Wl 
of the polycrystalline silicon film becomes narrow becomes large. That is, the value of 
the sum of Wl and W2 becomes always fixed even when an error arises in process 
tolerance. 

[0026] Therefore, since the cross section of the diffused resistor used by this and the pair 
increases or decreases and resistance decreases or increases even if the cross section of 
polycrystalline silicon resistance decreases or increases according to the error of process 
tolerance and resistance increases or decreases from a desired value, the resistance of the 
sum total of the polycrystalline silicon film of these pairs and diffused resistor which are 
connected to a serial will offset the error of process tolerance, and will approach a desired 
value. 

[0027] In addition, this effectiveness becomes remarkable, so that the resistance per unit 
volume of polycrystalline silicon resistance and a diffused resistor approaches an equal 
value. Moreover, also when the resistance per such unit volume differs, it has the 
effectiveness taken above. Moreover, it is more desirable to design equally the width of 
face of polycrystalline silicon resistance and the width of face of a diffused resistor. 
[0028] Moreover, when the resistivity per unit deposition of polycrystalline silicon 
resistance differs from the resistivity per unit deposition of a diffused resistor, the error 
by the difference in resistivity can also be reduced by controlling the die length of some 
lengthwise directions of polycrystalline silicon resistance or a diffused resistor. 
[0029] 

[Effect of the Invention] The resistance element which can be made to reduce the error of 
the resistance of the resistance element produced according to the error of the process 
tolerance which originates in these in this invention although there was a trouble that an 
error mainly arose to the width of face of a resistance element, i.e., the cross section, 
according to the error of process tolerance according to the conventional manufacture 
approach, and an error arose in resistance, and is used into an integrated circuit can be 
formed with a sufficient precision with combination with diffused-resistor and 
polycrystalline silicon resistance. Therefore, troubles, such as malfunction of the 
integrated circuit by aggravation of the precision of a resistance element, are solvable. 



[Translation done.] 



